
STOP 



Early Journal Content on JSTOR, Free to Anyone in the World 

This article is one of nearly 500,000 scholarly works digitized and made freely available to everyone in 
the world by JSTOR. 

Known as the Early Journal Content, this set of works include research articles, news, letters, and other 
writings published in more than 200 of the oldest leading academic journals. The works date from the 
mid-seventeenth to the early twentieth centuries. 

We encourage people to read and share the Early Journal Content openly and to tell others that this 
resource exists. People may post this content online or redistribute in any way for non-commercial 
purposes. 

Read more about Early Journal Content at http://about.jstor.org/participate-jstor/individuals/early- 
journal-content . 



JSTOR is a digital library of academic journals, books, and primary source objects. JSTOR helps people 
discover, use, and build upon a wide range of content through a powerful research and teaching 
platform, and preserves this content for future generations. JSTOR is part of ITHAKA, a not-for-profit 
organization that also includes Ithaka S+R and Portico. For more information about JSTOR, please 
contact support@jstor.org. 



[ Hi ] 



Of the COMPOSITION and PROPORTION of CARBON 
in BITUMENS and MINERAL COAL. By RICHARD 
KIR WAN, Efg; L. L. D. F. R. S. and M. R. L A. 



J\ N exact knowledge of the component parts of the different Read r> eC em- 
fpecics of mineral coal, and alfo of bitumens (fubftances which ber I9th ' 
moft of them contain ;) forms an object of iome importance not 
only to the naturalift, whofe views are merely fpeculative, but to 
the practical ceconomift, who wilhes to extract from each fpecies 
all the advantages it is capable of yielding, and to be enabled to 
compare the various kinds afforded by different countries, in 
order to obtain and employ that which fhall on the comparifon 
appear to him beft fuited to his intentions. 

In effect coals are not only applicable to the more ufual pur- 
pofes of combuftion, an ufe, fimple as it may appear, attended 
according to their various fpecies with a considerable difference 
of calefactive power both in intenfity and duration, but alfo to 
the production of varnifhes, much more advantageously applicable 
in many inftances than thofe extracted from the vegetable king- 
dom. 
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dom, as Lord Dundonald has difcovered and abundantly proved f , 
and alfo of that chared refiduum called Coak, the only one that 
can be reforted to in many cafes, and in mod fuperior to vege- 
table charcoal. 

Coals and bitumens are however fubftances that refift the 
ufual modes of analyfis ; they elude the action of aqueous, acid, 
alkaline or fpirituous menftruums ; and diftillation, the only mode 
hitherto ufed, confounds and varies their natural contents. 

Reflecting on thefe obftacles to an exact difcrimination of 
bitumens and coals, and of the various kinds of thefe laft, it 
occurred to me that partly by combuftion, and partly by their 
efficacy in decompoling nitre, the fecret of their internal compofition 
might poflibly be unveiled. 

i°. Combujlion. I have obferved that all the fpecies of folid 
bitumen, properly fo called, when laid on a red hot iron, burn 
with a large bright flame, fmoke and foot, leaving none or fcarce 
any coaly refiduum, and only a little afhes. 

That the fofter bitumens, as maltha, burn in the fame man- 
ner, leaving no coal, but only a little afhes, and requiring no 

increafe of heat for their intire confumption. 

That 

f Upon the moft minute enquiry why coal varnifh is not more commonly employed 
in paying the bottoms of fhips, I have been inform«d the principal reafon is, that it 
iucceeds too well— The {hips not requiring fuch frequent repair. 
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That qfpbalt burns with flame and foot, but melts and i'wells, 
and requires for its intire confumption an increafe of heat, leaving 
fcarce any coal, and but little afhes. 

It is moreover well known that liquid bitumens contain in- 
flammable air and carbon. That they abforb atmofpheric air 
when long expofed to it and light. That in confequence of this 
abforbtion they are thickened, blackened and condenfed, firft into 
mineral tar, then into mineral pitch or maltha, and laftly into 
afphalt. That almoft all fpecies of mineral coal yield more or 
lefs of both fpecies of bitumen on diftillation, leaving a finning 
coaly refiduum, but that the proportion is variable in every fpe- 
cies, according to the degree of heat applied -, that the refiduum 
always obftinately retains a proportion of bitumen, and that con- 
fequently diftillation, in addition to its other imperfections, is an 
inefficient medium whereby to difcern the proportion of carbon 
and bitumen, and confequently to difcriminate the various forts 
of mineral coal from each other. 

2°. Decompofttion of nitre. It has long ago been remarked by 
the juftly celebrated Macquer-f- that nitre detonnates with no 
oily inflammable matter until fuch matter is reduced to a coal, 
and then only in proportion to the carbonaceous matter it con- 
tains ; an obfervation the truth of which will fully appear in the 
fubfequent experiments. Hence it occurred to me that fince in 

the 

+ i Di&ion. Chym. 2d Edition, p. 481. 



[ *44 ] 

the ad of detonnation nitre is always totally or partially decom- 
pofed ; and fince where carbonaceous compounds are employed this 
decompofition arifes folely from the mere carbonaceous part, and 
every thing elfe being equal, is proportioned to the quantity of 
mere carbon they contain ; and fince moil fpecies of coals are 
compounds of mere carbon and bitumen, as appears by the pro- 
duds of their diftillation, it fhould follow, that by the decom- 
pofition of nitre the quantity of mere carbon in a given quantity 
of every fpecies of coal may be difcovered, and this being known, 
that of bitumen may be inferred, and the other uneffential ingre- 
dients being deteded by incineration, the whole contents of coaly 
fubftances might be afcertained. 

The compofition of bitumens alfo, as far as relates to their 
proportion of carbon and oil, may be evidenced in the fame man- 
ner : And here it is to be obferved that the bitumens I here con- 
sider are thofe that are found in a dry or folid ftate, and that 
thefe contain a larger proportion of carbon than the liquid bitu- 
mens ; for though thefe laft alfo contain carbon, it being an efTcn- 
tial component part of all oils, yet this portion does not extricate 
or educe any air from nitre, nor confequently contribute to its 
decompofition, as the fubfequent experiments fufficiently evince, 
but is confumed partly by the pure air fpontaneoufly emitted by 
nitre during its ignition, and partly by the ambient atmofphaeric 
air. Nay, when mineral coal is employed in the decompofition 
of nitre, the fhare which the mere carbonaceous part of the bitu- 
men contained in it contributes to the decompofition will be found 
fo fmall that it merits no confederation in the general account. 

The 
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The firft ftep towards carrying this analytic plan into execu- 
tion mufl therefore be to determine the quantity of pure carbon 
necefTary to decompofe a given quantity of pure nitre. But 
here many practical difficulties occur which fhall prefently be 
mentioned ; the moft perfect method of obviating them was that 
employed by the ever memorable Lavoifier : He mixed the pureft 
nitre with charcoal alfo purged of the inflammable as well as 
other airs and water which it ufually abforbs, in the proportion 
which, after feveral trials, he found requifite for the entire dc» 
compofition of that fait, rammed them into a copper tube, fired 
them, and continued the inflammation under water, by which 
means the charcoal was acted on folely by the air educed from 
the nitre, to the intire exclufion of the external air, and this air 
was educed, folely by the ignited charcoal, to the entire exclufion 
of external heat, advantages that cannot be procured by the 
ufual mode of effecting this decomposition ; thus he found the 
proportion of charcoal necefTary for the entire decompofition of 
nitre to be as I to 7,57, or in other words, that 13,21 parts char- 
coal decompofe 100 of nitre*, and yet even in this experiment I 
find a fmall inaccuracy, as he did not take the water employed 
in mixing the nitre and charcoal into the account, and hence, and 
for fome other reafons, the detail of which would lead me too 
far, I think the proportion fhould be as 1 to 7,868 nearly, or 
that 1 2,709 charcoal decompofe 100 of nitre j but the difference 
is of little importance. 

Vol. VI. T This 

• 11 Mem. Scav. Etrang. p. 626. 
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This mode of experimenting however is inapplicable on the 
prefent occafion, the different fpecies of mineral coal being not 
fo readily inflammable as to carry on the combuftion in this 
manner. Hence I contented myfelf with the common manner, 
only ufing fuch precautions as to render its refults tolerably uni- 
form, and repeating each experiment feveral times. 

I examined the purity of the nitre I employed by nitrated 
filver, and found by the quantity of falited filver produced that 
480 grains of the nitre contained 3,5 grains of common fait, 
135 grains of muriated filver indicating 100 of common fait; 
hence the conftant quantity of nitre I ufed was 483.5 grains, ex- 
cept in the experiments on bitumens, as I had not enough of them 
to expend on fo large a quantity of nitre. 

The nitre was heated barely to rednefs before any coal was 
projected on it in a wind furnace and a very large crucible ; upon 
this uniform degree of heat much of the uniformity of different 
experiments on the fame fpecies of coal depends. 

In my firft experiments the coals were reduced to a very fine 
powder, and then projected on the ignited nitre, but I obferved 
that by this method much more of each fpecies of coal was re- 
quifite to alkalize the ftandard quantity of nitre than when it 
was reduced to a coarfe powder, about the fize of a pin's head or 
fomewhat larger, and the reafon is, that by the force of the ex- 
plofion much of the finer powder is carried off without having 

been 
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been in contact with the nitre. Hence in the experiments of Mr. 
Hielm, on the quantities of charcoal of different woods requifite 
to alkalize ioo parts of nitre, we find thefe quantities to bear 
for the moft part fome analogy to their fpecific gravities, being ge- 
nerally fmaller when the fpecific gravity of the charcoal is 
lighter. 

Thus, J 

Grains requifite to alkalize ioo Grains of Nitre. 





Specific 
Gravity. 


Firft 
Experiment. 


Second 
Expei i men t. 


Oak coal - 


0,332 


35 


30 


Birch coal - 


0,542 


22 


22 


Pine coal - 


0,280 


29 


20 


Fir coal - 


0,441 


- 33 


25 


Coak 


0,744 


19 





Another circumftance of great importance towards procuring 
juft and uniform refults is, that the projections of coal fhould 
fucceed each other without delay as foon as the flame ceafes, for 
as ignited nitre gives out pure air fpontaneoufly, and fo much 
the more as it is more heated, the acid will be decompofed and 
the nitre alkalized by a quantity of coal fo much the fmaller as 
the intervals of projection are longer. From inattention perhaps 
to this and the laft mentioned particular, as well as from various 
conditions of common charcoal, which feldom contains lefs than 
T ' T and often £ of its weight of moifture and abforbed air, pro- 

T 2 ceeded 

t Schwed. Abhandl 1781. p. 188. 
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ceedcd the various refults of different chymifts with refpett to 
the proportion of it neceffary to alkalize nitre. 

It is almoft fuperfluous to add that the charcoal fhould be 
projected in very fmall portions. I feldom projected more than 
one or two grains at a time j each operation lafted from twenty 
to twenty-five minutes nearly. There is always, fome portion of 
nitre undecompofed being protected by the furrounding alkali j 
this error is unavoidable but very fmall. Even the pofition of 
the crucible in the furnace is not indifferent, for if it be near the 
flue more coal muft be employed, which I attribute to the tor- 
rent of air which in that cafe affects it and carries away more 
than when the crucible is nearer to the anterior part of the 
furnace. 

It may perhaps be fufpected that this and fome other incidental 
errors may be avoided by previoufly mixing the nitre and coal, 
and projecting the mixture in fmall portions into a red hot cru- 
cible; but not to mention that this method fuppofes the due 
proportion of thefe two fubftances to be known, which cannot 
be known till after the experiment, and alfo that every atom of 
thefe fubftances is in perfect contact with the other fubftance, elfe 
they cannot act on each other; independently, I fay, of thefe 
unfounded fuppofitions, this mode of experimenting is (till more 
fallacious than the former, as, during thefe projections, a confide- 
rable proportion of the nitre is fcattered and difperfed, and 

may 
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may be feen adhering to the fides of the crucible. This lofs being 
repeated at every projection becomes at laft intolerable. 

I now proceed to relate the experiments themfelves, condu&ed 
in the manner I have mentioned. The different fpecies of coal 
and bitumen whofe composition I have thus examined were Kil- 
kenny coal, Maltha, Afphalt, Lancashire, Cannel, Slaty Scotch 
Cannel, Whitehaven, Wigan, Swanfey and Leitrim, felecting of 
each fort the pureft fpecimens, free from pyrites and vifible ftony 
matter. 

Kilkenny Coal. 

Its colour is black, and when frefti broken frequently violet. 

Its luftre 4. metallic. Tranfparency o. 

Its fradure foliated, the courfe of the lamellae varioufly and 
confufedly directed. 

Its fragments rather Sharp, and often difcovering between the 
diftinft concretions whitifh illinitions. 

Its hardnefs 7. Specific gravity 1,526. 

Does not burn until wholly ignited, and then flowly confumes 
without caking or emitting flame or fmoke. 266 grains of it 
expofed to a heat of 27 of Wedgwood in a crucible for five 

hours 
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hours did not lofe their luftre until almoft T % of them had dis- 
appeared, and at laft left reddifh aflies amounting to 7,13 grains, 
nearly 2,7 per cent. Projecting this coal in fine powder on 480 
grains of pure ignited nitre, I found the fait required 65 grains of 
the coal to alkalize it, but only 50 grains when in coarfe pow- 
der ; and in a third experiment, when the crucible was farther 
from the flue of the furnace, only 49 grains : fo that I look upon 
50 grains as being in round numbers neareft to the truth. That 
is the proportion of one part of Kilkenny coal to 9.6 of nitre, or 
100 parts of nitre require for their decompofition 10,416 of Kil- 
kenny coal. 

This proportion of coal is much fmaller than that of charcoal 
in Mr. Lavoifier's experiment, which we have feen to be as 1 to 
7,57, or as 13,21 to 100, which I attribute to the advantageous 
mode in which his experiment was inftituted, as already ex- 
plained ; whereas in mine and the ufual way, the decompofition 
of nitre is promoted by the external heat applied, as well as by 
the coal, and confequently lefs of coal is employed. 

From the experiments of Scheele one might be led to infer 
that the proportions of charcoal and nitre neceflary to the alkali- 
zation of this latter approach ftill nearer to each other than in 
Lavoifier's ftatement, and confequently much nearer than in mine; 
for in his efTay on plomha^o he tells us that five parts nitre are 
fufficient to confume one of charcoal, and confequently it fhould 
feem that one part charcoal fhould decompofe no more than five 

of 
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of nitre ; the confequence however is not juft, for undoubtedly 
five parts nitre would confume one of charcoal, but it docs not 
thence follow that they would not confume flill more. On the 
other hand he found that ten parts nitre were necejfary for the 
confumption of one part of plombago, whence it follows that one 
part of plombago decompofes ten of nitre, otherwife nine parts 
nitre would fuffice to confume it, and the tenth would have been 
unneceffary, as it acls only as it is decompofed. Now this propor- 
tion approaches very nearly to my refult, namely, i of charcoal to 
9,6 of nitre. 

Hence, and fince Kilkenny coal in the preceding experiments 
fliewed no fign of its containing any thing bituminous, I take it 
for granted that it confiits almoft entirely of pure carbon ; and 
fince 50 grains of it alkalize 480 grains of pure ignited nitre, that 
in all the fubfequent experiments on other fpecies of coals or bi- 
tumens free from fulphur and iron, the decompofition of this 
ftandard quantity of nitre will indicate in the quantity of coal 
neceffary for that decompofition, the prefence of 50 parts of mere 
carbon. 

Before I proceed to the recital of other experiments I muft 
mention another circumftance that occurs in making them, which 
is, that after the inflammation ceafes a hilling noife is perceived 
for a long time, and is increafed on adding frefh quantities of 
coal, even when the nitre is fremingly decompofed ; this fcemed 

to 
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to me to arife from the decompofition of the nitrous air or me- 
phitized nitrous acid, of which a portion is always retained by the 
alkali, and confequently I paid no attention to it, but always 
ceafed adding coal when the inflammation totally ceafed. 

Maltha. 

Its colour is dark brown or black. 

Its Iuftre o. Tranfparency o. 

Its fracture, uneven, tough. Specific gravity 2,070. 

It feels fomewhat greafy, yields to compreffion, has a heavy 
fmell, acquires a polifli when fcraped, does not adhere to the 
tongue or ftain the fingers ; its flame high and bright, leaving 110 
coal, but only a little aflies. 

Having but a fmall quantity of this fubftance, I on this occa- 
fion ufed only 240 grains of nitre. When it was heated to red- 
nefs I threw on it one grain of vegetable pitch ; it immediately 
inflamed, but floated quietly on the furface of the nitre, and de- 
crepitated like common fait, from the moifture it contained. The 
flame was partly white, from the action of the air fpontaneoufly 
emitted by the nitre, and partly yellowi/h, from the a&ion of the 
ambient atmofpheric air, but fteady and unattended wkh thofe 
turbulent guflies that attend the decompofition of nitre by carbo- 
naceous fubftances. 

I THEN 
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I thes gradually projected on it 55 grains of maltha, which 
was all I had ; this burned juft as the pitch, but was attended 
with a blacker fmoak, yet the nitre was fo far from being 
alkalized that to produce this effect I was obliged to throw on it 
29 grains of Cannel coal. Now 33,5 grains of Cannel coal, if it 
alone had been ufed, would fuffice to alkalize 240 grains of nitre, 
as will prefently be feen, therefore the 55 grains of maltha and 
the one grain of pitch contained no more carbon than 33,5 — 
29=4,5 grains; therefore 100 grains of maltha contain no more 
than 8 grains of carbon. And as thefe 8 grains of carbon pro- 
voked no turbulent eruption of air from the nitre, it is plain they 
did not contribute to its decompofition, but were taken up by 
the air it fpontanebttfly emitted, and partly by the ambient at- 
mofpheric air. 

Of Afthalt. 
Its colour is greyifh black. 
It» luftre 2.3. greafy. Tranfparency 6. 
Its fra&ure perfectly conchoidal. 

Its hardnefs from 7 to 8, very brittle. Specific gravity from 
1,07 to 1,165 Dv mv trials. It feels fmooth, but not greafy ; 
has no fmell, except while pounding ; does not ftain the fingers ; 
when heated it melts, fwells and at laft inflames, but it requires 

Vol. VI. U for 
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for inflammation a higher heat than maltha does, and leaves no 
coal and fcarce any afhes. 

Of this bitumen I found 161 grains requifite to alkalize the 
ftandard quantity of nitre. It vifibly educed air from the nitre, 
for there were eruptions from time to time, I fuppofe when the 
more oily part was confumed and the carbonaceous laid bare ; 
much of the flame was alfo yellowifti. Hence 161 grains of af- 
phalt contain only 50 of mere carbon— that is nearly 31 per 
cent. 

Mr. Thory, burning it in a low heat, found it to leave about 
i. of its weight of coal, after melting, fwelling and inflaming as 
ufual* ; however his afphalt was not perfectly pure, as he ob- 
tained fulphur from it. 

Cannel Coal. 

Its colour is black. 

Its luftre common 2. when frefli broken often barely 1. Trans- 
parency o. 

Its crofs fracture conchoidal. Fragments rather fharp. 

Its hardnefs from 7 to 8. Specific gravity by my trials 1,23a. 
Per Do&or Watfon's 1,273. Does not ftain the fingers ; eafily 

kindles 

* 6 Crell's Chy, Journ. p. 6*. 
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kindles without melting, and burns with a large bright flame, 
but of fhort duration, leaving a large coaly refiduum ; does not 
cake. 240 grains of it heated until all the coaly part was con- 
fumed left 7,5 grains of reddifh brown afhes, moftly argilla- 
ceous, that is 3,12 per cent. 66.5 grains of it were fufficient to 
alkalize the ftandard quantity of nitre. It burned with a large 
bright flame, except the laft portion, which was yellowifh, the pure 
air of the nitre being then exhaufted. Hence 66,5 grains con- 
tained 50 of pure carbon and 2,08 of alhes •, then deducting 52,08 
from 66,5 we find the quantity of bitumen equal 14,42 •, then 
100 parts of it contain 75,2 of carbon, 21,68 bitumen of the 
fort called maltha, and 3,1 of alhes. 

I take this bitumen to be maltha from its quick inflammabi- 
lity and the fhort duration and brightnefs of its flame, both which 
properties indicate the molt inflammable of the bitumens, and 
whofe flame is leaft durable, from its refufal to cake (caking 
being a property arifing from the fufion of afphalt) and the diffi- 
cult combuftibility of the carbonaceous fubftance that remains 
after the ceflation of its flame, qualities that counter-indicate 
afphalt. 

Slaty Cannel Coal. 

That which I employed was from Ayrfhire in Scotland, the 
only one of this fort imported to Dublin. 

Its colour is black. 

U 2 Its 
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Its luftrc 2. common. Tranfparency o. 

Its fracture partly flaty, partly imperfectly conchoidal. Frag- 
ments (harp. 

Its hardnefs from 5 to 8. Specific gravity 1,426 by my trials. 

It burns like the compact Cannel, but ceafes fooner to flame. 
Does not cake ; leaves a ftony refiduum. 240 grains of it treated 
as before mentioned leave 50 of reddifh grey afhes, equal 20.83 
per cent. From the fmell that iffues from it during ignition I 
am led to think it contains fome portion of fulphur. 

To alkalize 480 grains of nitre 105 grains of this coal were 
employed. It burned like the former with a large white conti- 
nued flame, except the laft portions. Hence this quantity con- 
tained 50 grains of mere carbon ; and fince it aifo contained 
20,83 of afhes, the remainder, viz. 34,15, muft have been bitu- 
men. Then 100 parts of it contain 47,62 of carbon, 32,52 of 
bitumen, and about 20 of afhes. Some deduction however from 
thefe quantities of carbon and bitumen may be made by reafon 
of the fmall proportion of fulphur contained in it. This bitumen 
I take to be maltha and not afphalt, for the reafons I mentioned 
in treating of compact Cannel. 

It is from a coal of this fort that Lord Dundonald extra&s his 

tar, as maltha eafily diftills ; but it is probably of a better kind, 

as this rtony kind exifts moftly in Ayrfhire. 

Br 



[ '57 ] 

By his Lordfhip's mode of diftillation however much feems 
to be loft during the internal combuftion. I mould think the 
Prince of Naflau Saarbruck's method in this refpect more advan- 
tageous. Mr. Sage tells us that by diftillation he obtained from 
Cannel coal ± of its weight of tarf ; but Mr. Faujas, who ufes 
Lord Dundonald's method, obtains from the coal of Decife, 
which feems to be of this kind, only 4 per cent, of tar*. 
Faujas alfo obferved that this tar is gradually converted into 
afphalt by long expnfure to the air, which confirms the dif- 
ference I have eftablifhed between the two bitumens. 

Whitehaven Coal. 

Its colour is black. 

Its luftre 3 greafy. Transparency o. 

Its fraclure plane foliated. Its fragments 2. often difcover- 
ing quadrangular or cubic diftindl concretions, fometimes inter- 
fered with brownifh red flakes. 

Its bardnefs 6. very brittle. Specific gravity 1,257 by my 
trials. Stains the fingers, particularly when moift. 

It burns at firft with a clear flame, and for a long time, but 
at laft cakes. 24-0 grains of it after five hours ftrong heat left 
only 4 grains of a reddifh afhes, or about 1,7 per cent. 

The 

f 35 Roz, Jour. p. 387. 27 Roz. Jour. p. 188. 
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The ftandard quantity of nitre was alkalized by 88 grains 
of this coal. Hence ioo grains of it contain nearly 57 of mere 
carbon, 41,3 of a mixture of maltha and afphalt, and 1,7 of 
afhes. That it contains both maltha and afphalt is evident from 
its flame and caking. The proportion I cannot exactly afcer- 
tain, but mod probably the afphalt predominates. 

Wigan Coal. 
Its colour is black. 

Its luftre 3. greafy. Tranfparency o. 

Its fradture plane foliated. The lamellae, fome uniformly 
fome promifcuoufly directed. In the grofs often flaty. Forms 
feparate concretions, often with bright yellowifh illinitions. 

Its hardnefs 6. Specific gravity 1,268 by my trials. 

It burns with a bright flame, and quicker than the foregoing, 
and is lefs apt to cake. 328 grains of it expofed as the former 
to a flrong heat left 5,13 grains of afhes, that is 1,57 per cent. 
81 grains of it decompofed 480 grains of nitre. Hence 100 
grains of it contain 61,73 of carbon, 36,7 of a mixture of 
maltha and afphalt, and 1,57 of afhes. 

It feems to contain a larger proportion of maltha with refpect 
to its quantity of afphalt than Whitehaven coal does. 

Swanfey 
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Stoanjey Coal. 
Its colour is black. 

Its luftre 2. Trajnfparency o. 

Its fracture foliated, but fbme lamellse being at right an- 
gles with the other give it a fibrous or flriated appearance. Frag- 
ments 2. 

Its hardnefs 5. very brittle. Specific gravity 1,357 by my 
trials. 

It burns more flowly than the former and cakes. 

240 grains of it treated as the former kinds left 8 grains of 
yellowilh red allies ; that is equal 3,^3 per cent. 

Of this coal 68 grains were requifite to decompofe 480 grains 
of nitre. Then 100 grains of it contain 73,53 of carbon, 23,14 
of a mixture of maltha and afphalt, and 2j33 of afhes. The 
afphalt feems to predominate. 

Leitrim Coal. 

Its colour is black. 

Its luftre when frefh broken 3. Tranfparency o. 

Its fracture foliated. Its fragments 2. 

Its 
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Its hardnefs 6. very brittle. Specific gravity 1,351 by my 
trials. It flightly cakes. 

240 grains of it left after three hours expofure to heat 12,5 
grains of reddifh grey afhes, that is equal 5,2 per cent. 

The deGompofitioR of the ftandard quantity of nitre required 
70 grains of this coals. Hence 100 grains of k contain 71,43 of 
carbon, 23,37 of a mixture of maltha and afphalt, and 5*2 of 

afhes. 

Newcqftle Coal. 

I had none of this kind of coal, but according to Doclor 
Watfon's experiment it left on diftillation a coaly refiduum 
amounting to 58 per cent, and hence contained about 40 of a 
mixture of afphalt and maltha, in which the former appears to 
predominate. Hence it much refembles the Whitehaven coal, 
but it evidently contains fulphur alfo y which that of Whitehaven 
feldom does. 



A Synoptical 
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A Synoptical View of the Contents of Bitumens and different Sorts of 

Mineral Coal. 



ioo Parts 


Carbon. 


Bitumen. 


Allies. 


Specific 
Gravity. 


Maltha 


8 


— 


— 


2,070 


Afphalt 


3 1 


68 


— 


1,117 


Kilkenny - 


97»3 


— 


3»7 


1,526 


Compact Cannel - 


75^ 


21,68 Maltha 


3,i 


1,232 


Slaty Cannel 


47,62 


32,52 Maltha 


20 


1,426 


Whitehaven 


57 


41,3 mixt 


f »7 


W7 


Wigan 


6i,73 


36,7 mixt 


W 


1,268 


Swanfey 


73,53 


23,14 mixt 


3,33 


i,357 


Leitrim 


7 I >+3 


23,37 mixt 


5, 2 ° 


M5 1 


Newcaftle 


58 


40 mixt 


— 


1,271 



To thefe refults I mail add a few more, taken from a treatife 
on pit coal lately publifhed by Signior Fabroni. The Italian 
coals were examined by himfelf ; the French and German by 
other chymifts. All by diftillation. 

Vol. VI. X 



100 
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ioo Parts 


Car bo 


Coal of Halles 


86 


of Tudertino - 


2 5 


of Cortolla - 


45 


ofMacinaia - 


60 


Stony of do. - 


12,5 


of Mocaio - 


3 2 



Bitumen. 


Afhes. 


Specific 
Gravity. 


12 


— 


— 


75 > 


— 


— 


43 


12 


1,403 


37 


3 


1,411 


37»5 


5° 


i,666 


35 


33 


^403 



These coals contain very little afphalt, but chiefly maltha. 

Most coals afford a volatile alkali by diflillation ; this feems 
to me to be rather a product of the operation arifing from the 
union of hydrogen and mephitic air, and thus the alkaline 
bans of the ammoniacs found on volcanos feem to have been 
formed. Coals alfo afford an acid, commonly the marine, or if 
pyritous, alfo the vitriolic, more rarely the fuccinous. 

According to Mr. Jars, 100 parts of the beft Englifh coal 
give when chared 63 of coaks*, but Hielm found the refiduum 

of 



• 1 Jars, p. 329. 
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of the beft Englim coals diftilled to amount to 73 per cent; 
and Doctor Watfon found the refiduum of Newcaftle coal to 
amount only to 58 per cent. Thcfe remits neceffarily differ 
according to the degree of heat applied, the duration of the 
combuflion and the variable admiffion of air. It is plain the 
bitumen is never totally expelled,' at leaft not until mod of die 
carbon is confumed ; but much more of it is expelled by com- 
buflion than by diftillation. 3 Watfon, p. 27 and 28. 

By Lavoifier's experiments it appears that equal quantities of 
water under equal furfaces are evaporated, and confequently 
equal heats produced by*. 



By 403lbs. of coaks 
6oolbs. of pit coal 
6oolbs. of charcoal 
io89lbs. of oak 



f»or in meafure <( 



By 17 of coaks 
10 of pit coal 
40 of charcoal 
33 of oak. 



The fame fuperiority of coaks over charcoal has alfo been 
obferved in Germany in other cafes, though with variations in 
the refults, plainly arifing from the different degrees of carbonifi- 
cation. Thus in Silefia it was found that in fmelting of iron ore 
92lbs. or one meafure of coaks was equal to i8olbs. or 3 mea- 

X 2 fure* 



* Mem. Stock. 1781. p. 187, 
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fures of charcoal*. Elfewhere it was remarked that one mea- 
fure of coaks were equivalent to 5 of charcoal and 3 of pit 
coal I . Doubtlefs according to the quality of this laft. 

The caufes of thefe differences deferve attention, as the con- 
trary might be prefumed. For in the firft place I have dated 
that the carbonic part of pit coal is exactly the fame as common 
charcoal, and therefore when equal weights of both are em- 
ployed it fhould be expected that the calorific effects of both 
fhould coincide. In the next place it is known that pit coal 
and woods containing a large proportion of oil mud contain 
a large proportion of inflammable air, and this in combuftion 
gives out more heat than an equal weight of mere carbon 
in the proportion of 3 to 1 |. Therefore it fhould feem that a 
fmall quantity of wood fhould produce the fame calorific effect 
as a larger of charcoal. 

To remove thefe difficulties I fhall lay down two pofitions : 
1 ft, That the quantity of heat given out by carbon is to that 
given out by an equal weight of inflammable air (or hydrogen 
as it is now called) as 1 to 3. 

2dly, That to communicate equal quantities of heat, in the 

cafe now before us, atmofpheric air mufl have taken up either 

equal quantities of mere carbon or a quantity of inflammable 

air equal to one- third of the deficiency. 

Now 

* 1 Bergm. Jour. 1790. p. 320. J 1 Bergm. Jour. 1792. p. Co. 

•J- 1 Chy. Lavois. p. 104. 
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Now on examination it will be found that there is fufficient 
reafon to think that this equality or compenfation took place in 
every inftance. 

Thus, comparing coaks and charcoal^ we muft obferve that, 
according to Doctor Watfon's experiments, charcoal gains 9 per 
cent, by expofure to the air for a few days after it is made, by 
abforbing partly air and partly moiflure. — 3 Watfon, p. 43. 
And, according to Doctor Prieftley, 15 per cent, in a month; and 
this feems its maximum. — 3 Prieft. p. 417. new edit. But coaks 
gain only 3 per cent. — 3 Wats, p. 46. and dill lefs when well 
burned. Thefe deductions being made, it will be found that 
the abovementioned 6colbs. of charcoal will be reduced to 510, 
and the 403lbs. of coak to 391*; the difference then is only 
nalbs. 

To account for the equality of refults, notwithftanding this 
difference, we muft confider that coal containing afphalt, a much 
denfer fubftance than any vegetable oil, is never fo thoroughly 
chared as woods are, as Doctor Watfon has alfo hinted ; fo we 
have feen that Newcaftle coal is reduced only 72 per cent. 

though 



* Here I muft; mention an error of imprcffion in Mr. Lavoifier's Memoires, which 
may deceive : In the text, p. 386, the quantity of coaks is faid to be 552, hut in 
the third table, p. 391, it is faid to be 403 •, fo alfo in the text the quantity oi char- 
coal is faid to be 960, and in the table only 600, though the meafurcs of both are 
the fame in both pages. However I found the text wrong and the table right. 
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though it contains but 58 per cent, of carbon. Coaks therefore 
always retain fome remains of bitumen, and confequently of 
hydrogen ; and in this cafe -*- j ■* or 39 parts of hydrogen would 
compenfate for the defalcation of 1 1 9 of carbon. 

On the other hand, if we compare the quantities of pit coal 
and charcoal we fhall find that 1 00 parts of fuch pit coal as is 
commonly chared, containing at a medium 60 per cent, or 
more of mere carbon, 6oolbs. of it fhould contain 360 of car- 
bon, or perhaps more ; and as it alfo contains much hydrogen, 
it might be expected to give out a much greater proportion of 
heat than 391 of coak or 5x0 of charcoal ; but here we muft 
take into the account the vaft quantities of fmoke and foot it 
throws out, which abforb a large proportion of its heat, and 
moreover the bottom of the veffels heated by it are moftly co- 
vered with foot, which confiderably obftructs the communication 
of heat. 

The fame obfervations are in great meafure applicable to 
woods. According to Doctor Watfon oak yields but 22 per 
cent, of charcoal by diftillation, and ftill lefs when chared ; and 
beech, according to Wiegleb, only 20 per cent, confequently 
1089 parts of oak yield but 239 of carbon, the remainder of 
the heat then proceeds from the hydrogen contained in the oils 
of the wood. 



Mr, 
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Mr. Lavoisier has alfo given the cubic meafures of thefe 
combuftibles, and the times in which each of them produced the 
fame effect. For the fatisfac"lion of the curious I fhall exprefs 
the whole in the following table : 



Combuftibles. 


Weight. 


Meafure. 


Duration 




lbs. 


Cub. Feet. 


Hours. 


Pit coal 


600 


IO 


20 


Coaks 


- 403 


J 7 


122- 


Charcoal 


600 


40 


5 


Oak - 


1089 


33 


4-4' 



Hence we fee that if coal produces a certain quantity of 
heat in a given time, coaks in much fmaller quantity will pro- 
duce the fame effect in little more than half that time, an equal 
weight of charcoal in one-fourth of that time, and oak in nearly 
double the weight of the coal in about one-fifth of that time. 

The beft coal for common ufes feems to be that which con- 
tains no pyritous, earthy or ftony matter, and in which the 
carbonaceous is to the bituminous part in the proportion of 5 
to 4, or 6 to 4,5. An equal mixture of maltha and afphalt is pre- 
ferable to either fingly. 



